We discuss how inflation can emerge from a four-fermion interaction induced by torsion. Inflation can arise from coupling torsion to Standard Model fermions, without any need of introducing new scalar particles beyond the Standard Model. Within this picture, the inflaton field can be a composite field of the SM-particles and arises from a Nambu-Jona-Lasinio mechanism in curved space-time, non-minimally coupled with the Ricci scalar. The model we specify predicts small value of the rparameter, namely r ∼ 10 −3 − 10 −2 , which nonetheless would be detectable by the next generation of experiments, including BICEP 3 and the ALI-CMB projects.
Over the last 50 years, after the discovery of the Cosmic Microwave Background (CMB) by Penzias and Wilson, our understanding of cosmology and cosmography has undergone a terrific increasing. The current picture of the Universe, which accounts for the flatness of its spatial hypersurfaces and the homogeneity of the CMB celestial distribution, highly favors the hypothesis that the Universe underwent an inflationary epoch in the early cosmological time, as confirmed recently by data from the Planck satellite [1] . The origin of the inflaton field, mediating the inflation dynamics, is still unknown: an infinite class of Standard Model extensions or of extended theories of gravity are compatible with current CMB data. This is why in recent years an "inflation" of inflationary models has been suggested in literature.
On the other hand, the minimalistic attitude, inspired by the Occam's razor principle, suggests to consider the possibility that the inflationary stage was not triggered by any new particle field beyond the Standard Model. In other words, the possibility that inflation was not mediated by any new inflaton field, introduced ad hoc or belonging to some Standard model symmetry extensions, is aesthetically attractive as well as theoretically challenging.
We propose that inflation is triggered by the coupling of Standard Model fermions with gravitational torsion. Such a new mechanism can be realized within the context of the Einstein-Cartan-Holst-Sciama-Kibble theory (ECHSK) [2] [3] [4] [5] [6] [7] . Here gravity is not extended to account for any extra degrees of freedom: any new higherderivative terms or new field coupled to the rank-2 metric tensor are added to the Einstein-Hilbert Lagrangian in this framework. Within the ECHSK model, the EinsteinHilbert kinetic term just recasts in terms of the spinconnection field and the vierbein. Internal consistency of the ECHSK theory requires a new coupling between the torsion component of the connection to the Standard Model fermion fields. If no other dynamical terms involving torsion are added to the Einstein-Hilbert fields, once these have been recast in terms of the spin-connection field, torsion will not be dynamical but will behave just as an auxiliary field.
Integrating out torsion entails new effective fourfermion interactions, compatible with the Standard Model gauge symmetries. As a consequence, a sort of effective Nambu-Jona-Lasinio (NJL) mechanism emerges -it is needless to remark that the dynamics is very different from the one in QCD, originally studied in [? ] . Depending on the sign of the fermion-torsion coupling, the interaction can be either attractive or repulsive, due to the way energy conditions are fulfilled. When the phase is repulsive, possible bouncing cosmology scenarios have been investigated in Refs. [8] [9] [10] [11] [12] . Here we will instead show how inflation can be attained, thanks to similar mechanism, but exploring a different region of model parameters's space. Based on the ECHSK theory, we will obtain the effective interaction potential driving the NJL condensates. We will explore the hypothesis that such an effective potential triggers inflation and constrain its region of parameters from Planck data. We will show that this model predicts a scalar-to-tensor ratio in between the range r ∼ 10 −3 ÷10 −2 , realized within a natural subset of the parameters's space. This prediction can be falsified by the next generation of experiments measuring B-mode polarizations, which include the BICEP 3 and ALI-CMB projects.
We can cast the Einstein-Cartan-Holst-Sciama-Kibble theory (ECHSK) in the first order formalism as follows:
where
is the field-curvature of ω IJ , the coupling constant κ = 
where α is a coupling constant. Within this action, the covariant derivative can be divided in a torsionless and a torsionful part. The torsional term induces every possible four fermion terms of the form
where J 
In full generality, we obtain every possible four-fermion coupling compatible with the SM gauge group. All possible neutral quark and lepton axial currents are mixed with each other. For example, in the quark sector, four-
are generated from the torsion coupling. Analogous terms are generated in the leptonic sector. Finally, baryon/lepton conserving neutral mixing currents among quarks and leptons are sourced by torsion. The latter terms do not generate composite scalarons, but can introduce scalaron mixing. Generically, a quantum field theory analysis of this model that would take into account also loop corrections, would be very complicated to achieve. Nonetheless, since the number of species are involving a large number of SM fields, we may perform the large-N approximation [14] [15] [16] 19] . Thus, we will treat the full problem in a semiclassical 1/N framework, in order to keep under control the loop-corrections and the effective potential we will derive below.
Moving from Eq.(1), the effective four-fermion action casts in the large N-approximation as
where N f is the number of fermions, M is the fermion mass matrix, the coupling constant recasts λ = ξκ, the notation γ µ (x) = e µ I (x) γ I is adopted and the interaction terms (ΨΨ)(ΨΨ) and (Ψıγ 5 Ψ)(Ψıγ 5 Ψ) include all the possible neutral charge four-fermion operators, compatible with the SM gauge symmetries. We may neglect the fermion masses in the following analysis, motivated by the high hierarchy among the SM particles masses and the inflation scale.
The effective field theory of composite scalarons can be conveniently studied within the framework of the functional methods, by introducing auxiliary fields Π. The total action can then be recast as
Π and Σ are matrices of scalar and pseudoscalar fields. The generating functional is
where η,η are grassmannian source functions. Performing the grassmannian integration over all the fermions and setting the sources to zero, we obtain the effective partition functional
S eff denoting
where I is a N f ×N f identity matrix. The effective action receives negligible corrections controlled by the number of fermions, i.e.
From Eq. (8), we obtain the effective matrix potential
+ıTr ln x|ıγ
where Π and Σ are treated as classical slow-varying fields.
The second formal term of the expression can be estimated using the proper time method [20] . One obtains the following formal expression for the effective potential
where A = Σ + ıγ 5 Π and
is the matrix propagator associated to the classical matrix equation
Let us expand around the background A =Ā + δA.
where S F is the fermion propagator provided by
In large the N and weakly varying curvature approximations, a general expression for the effective potential in curved space-time can be recovered. In particular, the propagator from x to x, corresponding to a bubble diagram of the effective scalar, is
Within the weakly varying curvature approximation -Ṙ 0, compatibly with the inflationary regime -we obtain the final effective potential V (A) for the composite particles to be
is the UV cutoff scale (c is a numerical prefactor). The last term can be seen as ω(A)R term. In other words, this theory is a composite multi scalars-tensor theory. For every flavor of fermions N f , we have N f composite states, i.e. Π is a N f dimensional scalar multiplet. In particular, this expression can be instantiated within FLRW background, entailing
where V 0 = V (A)| A=0 . We will study now the effective potential in the slow-roll regimeḢ < < H 2 . The potential Eq.(16) involves mixing terms among all the scalar and pseudo-scalar fields belonging to the matrix multiplets Σ and Π. This certainly leads to a highly complicated dynamics, typical of a multi-field scenario. Nonetheless, the situation is very much simplified if we consider an initial custodial global symmetry which is dynamically broken by the curvaton mechanism. In this case, a sub-group among all initial scalars and pseudoscalars emerge as a pseudo Nambu-Goldstone bosons of the initial custodial symmetry, i.e. these fields are much lighter then the others. This is very much the same of what happens in QCD, where the pions and the η-mesons are pseudo-NG bosons of the chiral symmetry, while the other mesons are much more massive -like the η -meson. Another possibility is to select the possible four-fermion interactions by imposing flavor or horizontal gauge symmetries -similarly to what was done within the context of large extra-dimensions scenarios, in order to avoid dangerous flavor changing neutral currents [21] .
Thus, we can suppose that only these pseudo-NB bosons will trigger inflation, the other ones being more massive. In the simpler case, we can suppose the the curvaton mechanism dynamically breaks an initial vector or axial global U (1). Then only one (pseudo-)scalaron remains lighter than the other ones, and a single inflation scenario can be envisaged. Within the case of an initial vector-like global symmetry U (1) V , we finally obtain the single field potential
where a is the pseudo-NG boson of the initial U (1) V . We can now discuss the phenomenology of the effective composite scalars emerging from the torsion coupling. In particular, we will show that the effective composite scalar may provide a good candidate for inflation. As is known, the slow roll parameters , η are related to the effective inflaton potential Eq. (16) as (See Appendix for explicit general expressions of the slow-roll parameters). We can put severe constraints on the parameter spaces of our model allowed by the observational data. Theparameter is related to
and is constrained to be
from the Planck data [1] . On the other hand, the number of e-folding
is constrained to be approximately 73.5, corresponding to |η| 0.02. In fact N Relying on these constraints, we are able to exclude a large subspace of parameters. First, we find that the model is incompatible with the Planck data if λ −1 = Λ 2 /4π 2 , for any choice of Λ, H. The only parameters' subspace compatible with the Planck data lies in the critical branch λ −1 = Λ 2 /4π 2 . In Fig. 1 , we show the constraints to the single inflaton field configuration and the UV scale Λ arising from n exp s and ∆ exp R . In particular, we find that, for Λ = 10 −3 M P l , V 0 = Λ 4 , Planck constraints can be easily satisfied. The excursus of the inflaton field during inflation approaches the Planck scale without exceeding it. This avoids the transplanckian excursion problem.
As is well-known, the r parameter is defined as
where k * is the so-called pivot scale (k * = 0.002 M pc −1 ). For Λ 2 × 10 15 ÷ 10 16 GeV, the tensor spectrum casts
where H inf is the Hubble expansion rate during inflation. The scalar spectrum must be P ζ ∼ 2.1 × 10 −9 , implying r = 10 −2 ÷ 10 −4 . As a consequence, for a UV scale close to the GUT scale, our model predicts a r parameter value that is detectable in next generation of experiments like the BICEP 3 and ALI projects.
In conclusion, we have explored an inflation mechanism that is originated from the torsion-fermion coupling, within the context of the Einstein-Cartan-Holst-SciamaKibble theory. In particular, we have shown how the torsion induces effective four-fermions interaction and how the low-energy dynamics can be described from an effective Nambu-Jona-Lasinio model. We have computed the effective interaction potential driving the NJL fields, and we have compared it with current constraints arising from Planck data. We have put stringent constraints on the parameters space of the model, and have shown that the model is not ruled out if and only if the four-fermion coupling λ generated by the torsion have a precise critical value.
We have discussed how the r-parameter can be high as r ∼ 10 −2 , in a natural sub-region of possible parameters entering the effective potential. This scenario can be falsified by B-mode phenomenology that will be developed by forthcoming data from the BICEP 3 and ALI-CMB collaborations.
Finally, we comment on the case of of inflation with multi-composite fields of the NJL model -which was not analyzed in this paper. We have limited our-self to the phenomenological analysis of the single-field inflation, invoking a custodial or flavor symmetries. However, a multi-field inflation scenario can be naturally envisaged within this context, leading to non-gaussianities in the CMB. This case lies in the effective field theory parametrization for multi-field inflation proposed in Ref. [22] . Further constraints will arise in this scenario from the analysis of cross-correlation functions, which are naturally generated in the multi-composite fields fermionic approach, the latter accounting for parity violating terms as well. The expressions used in the critical region of parameters λ = 4π 2 /Λ are
